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Liquid  metal  embrittlement  is  presently  considered  to  result  from 
liquid  metal  "adsorption-induced  reduction  in  cohesion"  of  atomic  bonds  at 
regions  of  high  stress  concentrations  in  a solid,  such  as  at  the  tip  of  cracks 
or  at  the  sites  of  crack  nucleation.  The  prerequisites  for  embrittWment  are 
the  same  as  those  for  brittle  fracture  and  liquid  metal  embrittlement  is  con- 
sidered a special  case  of  brittle  fracture  rather  than  a diffusion  or  a cor- 
rosion type  of  phenomena. 

This  paper  presents  some  theoretical  considerations  (1)  concerning  the 
"reduced-cohesion"  mechanism  of  embrittlement  and  (2)  embrittlement  to  be  a 
special  case  of  brittle  fracture.  Experimental  results  utilizing  ideal 
embrittlement  systems  in  support  of  the  mechanism  and  also  in  support  of 
various  brittle  fracture  criteria  are  presented  and  discussed. 
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The  suitability  of  the  resonance-free  vibration  method  and  the  impact 
method  in  the  measuring  of  the  dynamic  Young's  modulus  in  boron  aluminium, 
fibreglass-epoxy  and  boron-epoxy  laminates  has  been  studied.  In  the  vibration 
method,  the  concept  of  equivalent  length  was  developed.  Using  the  equivalent 
length,  the  vibration  method  gave  dynamic  values  of  '1  ,i.i ■'  which  were 
practically  the  same  as  the  static  values.  The  impact  method  gave  a dynamic 
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value  of  Young's  modulus  noticeably  lower  than  the  static  value.  The  difference 
between  (Fj), , from  impact  and  those  from  vibration  increases  with  the  ratio  of 
r,  r,„  thus  showing  the  effect  of  the  dispersion  of  stress  velocity.  In  addition 
'FjV-:  impact  was  always  lower  than  those  from  vibration  and  was  apparently 

not  related  to  the  ratio  of  E,  E„,  It  is  concluded  that,  in  the  dynamic 
characterisation  of  fibre-reinforced  laminate  materials,  the  resonance-free 
vibration  method  is  preferable  to  the  impact  method. 
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This  work  examines  the  likelihood  of  encountering  parametric 

resonance  in  gun  tubes.  The  resonance  is  induced  conceptually  by 

the  periodic  changes  in  transverse  stiffness  induced  by 

(i)  the  axial  vibrations  resulting  from  a single  application  of 
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ballistic  pressure  - "single  round  parametric  resonance". 


(ii)  the  periodic  applications  of  ballistic  pressure  such  as 


encountered  in  an  automatic  weapon  - "multiple  round 


I 


parametric  resonance". 

Results  show  that  ballistic  cyc'es  currently  employed  in  the  60mm 
MCAAAC  semi  automatic  cannon  are  not  likely  to  excite  single  round 
resonance.  Unusually  brief  cycles,  however,  are  shown  to  be  capable 
of  producing  resonance  amplifications  of  three  orders  of  magnitude  in 
less  than  twenty  cycles  of  axial  vibration.  By  proper  design  of  the 
pressure  cycle  and/or  the  fundamental  axial  frequency  of  the  tube,  this 
type  of  resonance  is  rather  easily  avoided. 

Further  results  show  that  for  the  20mm  Ml 39  machine  gun,  ampli- 
fications in  excess  of  fifty  can  be  reached  in  under  five  seconds  of 
continuous  firing.  A special  application  of  the  work  of  Krajcinovic 
and  Herrmann  leads  to  a set  of  instability  contours  from  which  the 
growth  (characteristic)  exponent  can  be  determined  as  a function  of  the 
ratio  of  natural  and  excitation  frequencies  and  the  product  of  the 
ballistic  impulse  and  the  tube  slenderness  ratio.  Control  or 
elimination  of  multi-round  resonance  can  be  maintained  either  through 


control  of  the  initial  conditions  or  by  designing  for  mismatch 
between  the  transverse  frequencies  and  integral  mulitples  of  one-half 
the  excitation  frequency,  i.e.,  the  firing  rate. 
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the  failures  occured  at  Forts  Knox,  Lewis  and  Bliss.  re.Yiiectivoly.  The 
conclusion  of  the  investigation  is  that  all  three  malfunctions  v.'ero  caused 
by  premature,  in-bore  detonation  of  the  projectiles  involved. 
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The  abrasion  resistances  of  two  finishing  systems,  one  applied  to  2014 
aluminum  and  the  other  to  ZK60A  magnesium,  were  evaluated.  Both  alloys  were 
first  anodized.  Subsequently,  a blue-wash  primer  and  semigloss  paint  were 
applied  to  the  2014  aluminum;  the  ZK60A  magnesium  received  a polyamide  primer 
and  a polyurethane  topcoat.  The  tests,  performed  to  compare  the  relative 
abrasion  resistances  of  the  two  systems,  were  carried  out  using  the  Taber 
Abraser  Model  503.  Abrasion  rates  were  measured  by  a weight-loss  technique. 
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Analysis  of  the  data  indicated  that,  under  the  test  conditions  applied,  the 
topcoats  contributed  little  to  the  overall  abrasion  resistance  of  the  two 
coating  systems;  rather,  the  anodic  layer  of  each  appeared  to  be  the  most  im- 
portant parameter.  Further,  the  rate  of  abrasion  of  the  anodic  layer  was 
relatively  constant  in  each  case  and  could  be  approximated  by  a straight 
line  relationship.  The  anodic  film  on  the  2014  aluminum  demonstrated 
significantly  better  resistance  to  abrasion  than  that  on  the  ZK60A  magnesium. 
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A probabilistic  model  of  gun  tube  fatigue  is  constructed  by  casting  existing 
crack  initiation,  growth  and  failure  theories  into  a probabilistic  framework. 

In  the  model,  tube  fatigue  life  is  given  as  a function  of  random  material  and 
'lesign  parameters.  The  fatigue  test  results  for  the  lOSkPl  M1.S7A1  and  175MM 
M113L1  tubes  are  used  as  a base  to  estimate  and  variances  of  the  model  para- 
meters. Monte  Carlo  Simulation  studies  are  then  conducted  by  assuming  various 
probabilits-  distributions  for  the  model  parameters  and  computing  the  statistics 
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of  the  distribution  of  fatigue  life. 

Results  of  the  Monte  Carlo  studies  indicate  that  (1)  the  best  fit 
theoretical  distributions  of  fatigue  lives  are  the  2-  and  3-parameter 
lognormal;  (2)  the  greatest  variability  in  fatigue  life  results  from 
variability  in  residual  stresses  followed  by  variability  in  initial  crack 
and  fracture  toughness;  and  (3)  an  effective  means  of  increasing  safe 
life  might  be  through  better  control  of  the  autofrettage  residual  stresses. 
Finally,  use  of  the  probabilistic  model  of  gun  tube  fatigue  might  lead  to 
(1)  improved  methods  for  statistical  computation  of  safe  life  from  test 
data  and  (2)  improvement  in  the  initial  design  approach  for  proposed  gun 
tubes . 
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Tempering 
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20  abstract  i C onUmift  •■tn  r»v«ra«>  It  nara»*«rv  anJ  Irlonilty  hv  hlock  number' 

As  pact  ot  an  attempt  to  determine  tlie  optimum  tempering  cycle  for  gun  tubes, 
mechanii.al  ]iropcrt  ies  of  an  AISl  4337  modified  steel, i.e.  gun  steel,  were  deter- 
mined for  various  tempering  cycles.  Austenitization  temperatures  of  845  C (1553°f 
and  95S^'i:  (17Sno[.)  were  used,  with  tempering  temperatures  ranging  from  425°C 
(797^8)  to  Sy.S'^i;  (IIO30F)  and  tempering  times  ranging  from  15  minutes  to  240 
minutes.  This  format,  which  allows  th.e  selection  of  tempering  parameters  from 
one  plot  to  aclueve  desired  properties,  was  developed.  The  mechanical  property 
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results  for  the  material  austenitized  at  845°f!  are  presented  in  the  form  of 
three  dimensional  plots  and  contour  maps  which  interrelate  the  mechanical 
property  of  interest  and  tempering  temperature  and  time.  Examples  showing  tht 
use  of  the  plots  are  presented. 
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A laboratory  erosion  tester  has  been  designed  and  developed  for  predicting 
the  service  performance  of  protective  coating  materials  in  the  bores  of  mortar 
systems  vising  rounds  with  tail  fins.  Due  to  the  use  of  newly  designed  ammuni- 
tion, the  service  life  of  SIMM  mortar  tubes  has  been  reduced  to  approximately  one 
third  of  its  original  life  as  the  result  of  the  formation  of  three  rings  on  annu- 
lar groove  erosion  formed  in  the  bore.  Preliminary  efforts  to  apply  wear  resis- 
tant bore  coatings  and  test  fire  them  in  the  field  have  been  extremely  costly  and 
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timi'  coiisiimiuj;  becaiibs  of  tlie  large  number  of  rounds  required  (approximately 
'500 1 . 

The  laboratory  erosion  tester  has  been  designed  to  ignite  the  actual  tail 
fin  asseml-ily  (which  causes  the  erosion)  in  a chamber  which  holds  eight  test 
spiLimens  to  be  evaluated  at  the  same  time.  The  erosion  rate  of  the  test  mater- 
ial can  be  increased  so  that  less  rounds  are  required,  by  merely  reducing  the 
distance  of  the  jet  stream  and  moving  the  specimens  closer  to  the  tail  fin  assem- 
1' 1 . wliich  upon  ignition,  radially  discharges  tlie  mixture  of  hot  gases  and  associ- 
ated burning  particles  onto  the  specimen  surface. 

riiis  progress  report  presents  the  erosive  behavior  of  eight  candidate  coat- 
ings which  have  been  tested  in  the  laboratory  erosion  tester.  Laboratory  results 
iiave  shown  that  a five  mil  thick  cobalt  or  cobalt  alloy  deposit  should  be  suit- 
U'lc  to  resist  erosion  and  increase  the  service  life  of  the  SIMM  mortar  system, 
ni  overlay  of  2/10  of  a mil  of  chromium  over  cobalt  further  increases  the  erosion 
resistance.  further  testing  is  necessary  to  specifically  determine  the  best  co- 
I halt  svstem  and  chromium  conbination.  The  next  effort  would  be  to  field  test  the 
j a It  lag  in  the  actual  mortar  system  to  verify  the  laboratory  results. 


oO 


^miWiTv  ri  ASSIFICATION  OF  THIS  PAGCnFhi*ft  Fntfrmd) 


REPORT  DOCUMENTATION  PAGE 


t fit  V'llft  < NDMHf  W 


Wt.AD  INSTRUCTIONS 
MKIORF.  COMI’l.KTINC.  1 OKM 


1^  GOVT  ACLESilON  NO  | 1 HECIPlENT'O  I.ATAlOG  NGMBf  N 


AUl.Cli- rK-77032 


I 4 T • t • f ,n  t S,./  tm>  ) 


I>i.VI:L()PMI;NT  01'  PROTOTYPli  PRODUCTION  PSH 
l-At:!!.!  ! ii:s 


^ Typf  Of  IS  pf  nion  covf  pr  : 


f--  , V>1  VUOPNUNP  0^0.  XI  POHT  NtIMlU  M 
/ 


Culaiigelo 


» Pi  f,  ‘ s.  / A MfN  N i AND  AODRI  SS 


In  ■ c AM  J . ' s»  l »4  I r • • ' i ■ • 

ANi  A A «tO.(K  I'NiT  NirMHI  (« 


. (‘lU'l  .,1  Ji'oi','.  l_al  lUMtf), 

..'a  let  V I I c • 't'.c;’:;,  'f..if  tvlii’l,  f.'.V.  I.-IH'J  AMl.'MS  No.  .iJilT.Ou  . 7.350 

.iRDAU  11, -IL  No.  M1--1-A155J 

II  ' ‘i  1 I N<»  I * T ■ * AMI"  >N  *'  ADI  <W»  I I •<!  » ».■  ’ D A f I 

I'N  /'tr'i’v  I'lh.ii  tcii  1 r.<",f!,ii  ■ ii  mill  Dcvclopnionl  Conirmnd  July  1977 

I iifiii  I iliicr  l.'Ciii'oii  System  Laborutorv  " i.  ,g  > 1 1 t > «.  s” 

. oviT',  !(  w Jt'r'.c7  :)/tOl  3.5  ^ 

4 M N » D N > A t • 1 N i N *'  M A M (D T *;  V D /r«mi  ( inlroMinN  Df/r  i i>  i ‘ ' I i i i " V M ' ' ‘t  thl^  fr|>.>rf 

nNi  ■ If  irr 

1‘V/.  Dl  ' I A ‘.jf(  All  >N  I'OWNr.WADiN 
SC  f«  * 'll  I 

1K  ( M T . ' . , i . ’ JN  ' 1 A 1 • *1 1 N T ?h|  N Wa/  t>fM 


Apprnvt’il  tor  public  veleaso;  cli  stri  but  i on  unlinited. 


ui-ujt'  1^4  •.TAfiMfNT’  aA.s  ttn<t  «nD*r<*</  »/i  HI  < k ff  Hftt^rrrt  f t"'n\  H 


1H  ‘..iri,  iMINTAP>  NOTf.  s 


*•  I . ««<  fi<D  • I V 


ai.'r-  ilnt<tyna»r\  tminit'  iitv  Av*  btoch  MutT/.»r) 


1. 1 ect  ros  laj;  itcmelting 


Ca.st  Hollows  Near  Net  Shapes 


* • UA  , , \ nn  »i<jA  II  n^«  (••••ry  Im-  hl-Ji  fc  ntimhA’f 

Ibis  report  describes  the  procedures  employed  to  produce  and  develop  a 
technii|ue  to  manufacture  Llectroslag  Refined  Hollows  under  a contract  granted 
to  the  Nutek  Corp.,  Washington,  Pa.  The  report  describes  the  approaches  taken 
together  with  the  results  obtained  for  each  approach.  Drawings  and  tooling 
designs  arc  included  in  the  report. 
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This  study  was  performed  to  determine  the  cause(s)  of  the  recurring  bolt 
failures  occurring  on  the  105mm  M68  and  15?mm  M81  , M162  Gun  Systems. 


DO  1473  EDITION  OF  f NOV  6S  IS  OBSOLETE 


UNCLASSIFIED 

SCCURITV  CL  ASSIFIC  ATfON  OF  TMIS  PAGE  (Whan  Hmta  Erytarad^ 


PRECEDING  PASS  BLaNK-NOT  FILMED 


S&CuR  T-t  ASSi>  »CA  ION  or  THIS  PAGE  (Whtm  O#*  f r»»*r«»d) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

UKFORE  COMPLETING  FORM 

1 REt'CdT  NUMHI  j».  govt  ACCESSION  NO. 

/ Rl':3-TR-77;'3S  1 

3 RF-CIP|ENT'S  CAT  ALOC  NUMBER 

4 tITL  F »n'i  S bK'JrJ 

VIBRAIICNS  OF  f.  PtLICOPTER  ROTOR  BLADE  USING  FINITE 
ELlMlOT-ONCONSTRAINED  VARIATIONAL  FORMULATIONS 

1 S TyPF  or  REPORT  A PFRlOD  COVERED 

[ fi  PF  RrORMING  OHG.  REPOBT  number 

/ • 1 T rt  v>  Ri  * ) 

j d.>.  '...'u 

j O.N.  Sh'’n  i 

8 CONTRAf  T OR  grant  NUMBERCa) 

|9  **  HF  . FMINO  OI'F.FF.-..  ..noN  NIMI'  ANO  FKOD«fc*SS  ^ 

I . ■ ' ■ W'  apf’cs  i tbi'ratory 
' .-nt'-t  V.  let  ■•rM:n.l,  Watervliet,  N.V.  'PIB'J 
[ hiAi’.-^C'.'.-TL 

u»  PROGH  AM  ELI  M fc  N T.  PHOJEC  T . T ASa 
AREA  A WORK  UNIT  NUMBERS 

AHCMS  llo.  611102.11 .H4b00 

DA  Proj.  No.  1L161102AH45 

RRON  No.  EJ-7-Y001 1-01-EJ-M7 

1 • K 1 1 w IN  iF  >7  • » S AMF  and  AO  or  ess 

, ,;S  Ari:,'  hr'-  -"‘.'nf  Research  and  Development  Corntrand 

1 ;ii  Calircr  Wc,Fiion  System  Laboratory 

; iJfVF.'r.  New  ^'e>'se>'  0/B01 

U Rf  Ur.RT  OaTF 

September  1977 

13  NIiMOEP  OF  ^ AGFS 

j 14  : ‘Nifj  G <■  Sr  name  a AOOPFSS/'/f  din-rttnl  from  C.mtfiytllntt  Offh 

I 

'5  iECURlTY  Cl  ASS  (of  thfm  report) 

UNCLASSIFIED 

iSrt  'OFC.  as^cTca'tion  KoWngr a'dinG~ 
SCMf  L'ULE 

I 

■)  S T RJ  t‘.ii  T|.*,n  ST  a f f -4  T fot  thim  Kfport) 


AnprovoJ  for  public  release;  di stri  liuti on  unlimited. 


1 ■ r .]  -.T  «,  .K,  ' >N  ’ ' I f M ‘ N T «■ 

■<»/  fhi*  ttbufritct  ent^rf*if  ff’-ifk  jO,  tf  'r-rr* 

Ifl  SUPPL  t M^  N APY  NOT  FS 

9 ACr  ••ORDSm  .n.'iui^  • r^v0 

.*•  i/  M«rA*«ar>  an  ! Idtr  'Ify  by  tior  h mrrrh^r' 

Beams  (Radiation'; 

Rotation 

Coup  line  ft  Feet 

Stabi 1 i ty 

Dvnan  i cs 

Vibration 

FI  utter 

Helicopter  Rotors 

fO  Ans^PAC-T  , Crtr»f/nui»  /in  Aid*  n#<  #*««ry  anc/  hr  hinrfc  n««nb#rj 


In  the  past  several  years,  a numerical  method  has  been  developed  which  is 
u qener.jlized  Ray leigh-Ri tz  - finite  element  discretization  using  the  combined 
concept  o'"  i.ag.  ji'.ge  multipliers  and  adjoint  variables  This  approach  enables 
one  to  deal  with  problems  associated  wHh  nonconservati vc  forces,  coupling  eff- 
ects t.nu  all  types  of  boundary  conditions  in  a routine  fashion;  and  it  appears 
pro'i.ising  in  solving  the  vibration  and  dynan.ic  stability  problems  associated 
with  the  comp  1 1’ca ted  equations  of  a helicopter  rotor  blade.  This  paper  presents 
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; the  first  application  of  the  general  method  of  the  vibration  problem  of  such 

• j rotor  blade. 

! 

Tne  basic  differential  equations  in  this  paper  are  taken  from  the  linear, 

' ho'  ^ully  coupled  set  developed  by  Houbolt  and  Brooks  in  195&.  These  equations 
are  further  reduced  to  a simplest  possible  case  and  yet  still  contain  the 
co.ipling  of  flap  and  root  torsion  modes.  An  unconstrained,  adjoint  variational 
■ it.  tement  has  been  estcilished  which  is  both  the  necessary  and  sufficient  con- 
i lition  for  the  coupled  differential  equations  and  some  general,  but  physical 
j meaningful  boundary  conditions.  The  finite  element  matrix  equations  are  then 
I oerived  from  this  variational  statement  illustrating  the  way  that  coupling  terms 
■ i be  handled  in  general. 

The  tuimerical  results  from  some  demonstrative  examples  show  that  instability 
if  flutter  can  occur  in  the  range  of  operational  rotor  speed  due  to  the  coupled 
lition  0*-'  t lapping  and  roo*’  torsion  without  any  aerodynamic  force,  if  the  tor- 
siat.al  soring  (o>"  the  pitch  control  link)  is  not  sufficiently  stiff.  This  in- 
Lability  does  not  appear  to  have  been  reported  previously. 


li 


74 


lacuKirv 


Dm* 


StCURITv  CLASSIFICATION  OF  THIS  PAGE  (Wh»n  Dmtm  KnitrtdJ 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1 report  NUMBEH  GOVT  ACCESSION  NO. 

ARLCB-TR-77040  j 

3 RECIPIENT’S  CATALOG  NUMBER 

4 title  (and  Subtitle) 

PROBABILISTIC  MODELS  OF  GUN-TUBE  FATIGUE  BASED 

ON  A FR/ACTURL-MLCHANICS  MODEL 

5 Type  of  report  & period  covered 

6 PERFORMING  ORG.  REPORT  NUMBER 

7 AUTmOPFs) 

8.  CONTRACT  OR  GRANT  NUMBERfu) 

L.  £.  Coppola 

9 PfcHPORMiNG  ORGANIZATION  NAME  AND  ADDRESS 

Benet  Weapons  Laboratory 

watervliet  Arsenal,  Watervliet,  N.Y.  121o9 

URDAR-LCB-Tl 

10  PROGRAM  ELEMENT.  PROJECT.  T ASK 
area  « WORK  UNIT  NUMBERS 

AMCMS  Mo.  611102.H540011 

DA  Proj.  No.  1L61  lOaAHli-i 

PROM  Mo.  1A-7-517UO-1A-:t/ 

11  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  and  Development  Command 

12.  REPORT  DATE 

October  1977 

Large  Caliber  Weapon  System  Laboratory 

Dover,  dew  dersey  07801 

13  NUMBER  OF  pages 

1*  MONl'^ORtNG  AGENCY  NAME  ft  A DDR  ESS('f/ d<//er«nr  from  Controlling  Office) 

15  security  class,  (of  thia  report) 

UMCLASSIFIED 

I5»  OFCL  ASSIFICATION  DOWNGRADING 

schedule 

16  DISTRIBUTION  statement  E-i/  16 1«  ReporlJ 


Approved  for  public  release;  distribution  unlimited. 


*7  Dl  ST  R|  S ij  TION  STATEMENT  (of  fhe  ahgfrsct  t^nfareti  In  Block  30.  If  dlfferant  from  Report) 


10  SUPPL  EMEN  T ARY  NOTES 


1^  k E T 'AOPOS  fConfmuc  on  tevetee  aide  if  nafe*.%»r>'  •tie-'tlfv  by  bMck  number) 

Fatigue  Mathematical  Models 

Fracture  (Mechanics)  Monte  Carlo  Method 
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20  abstract  (Conttnur*  on  reveree  aide  It  necaaeary  and  Identify  hv  block  number) 

Two  probabilistic  models  of  gun  tube  fatigue  (those  of  Racicot  and  of 
Proschan  and  Sethuraman)  have  been  recently  developed  by  adding  probabil- 
istic elements  to  a deterministic  model  of  fatigue  failure.  These  probabil- 
istic models  are  examined  to  determine  if  they  give  adequate  representations 
when  certain  questionable  assumptions  are  lifted.  In  addition,  the  determin- 
istic model  is  cast  into  a more  general  probabilistic  rramework,  and  the  ef- 
fects of  certain  statistical  assumptions  are  examined. 
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Monte  Carlo  simulation  studies  are  conducted  to  approximate  possible 
distributions  for  gun  tube  fatigue  lives.  These  generated  distributions  are 
compared  to  various  theoretical  distributions  to  determine  their  adequacy  in 
representing  fatigue  data.  A randomizing  method  of  selecting  distributions 
for  material  properties  of  the  gun  tube  is  used  to  give  some  independence  from 
unwarranted  assumptions . 

Results  of  the  simulation  studies  indicate  that  the  lognormal  distribution 
generally  gives  the  best  fit  to  tlie  fatigue  lives,  but  in  most  cases  the  log- 
normal distribution  can  be  rejected  by  goodness-of-f i t tests. 
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The  quadratic  isoparametric  elements,  which  embody  the  inverse  square  root 
singularity,  are  used  for  calculating  the  stress  intensity  factors  at  tips  of 
cracks.  The  elements  used  are  the  quadratic  quadrilateral  (8-node),  quadratic 
triangular  (6-node)  and  three-dimensional  quadratic  'brick'  (20-node)  elements. 
Singularity  elements  are  obtained  in  a simple  manner  by  placing  the  mid-side 
nodes  at  quarter  points  in  the  vicinity  of  the  crack  tip  or  an  edge.  These  ele 
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merits  are  implemented  in  NASTRAN  as  dummy  (user)  elements.  The  method  eliminates 
the  use  of  special  crack  tip  elements  and  in  addition,  these  elements  satisfy  the 
constant  strain  and  rigid  body  modes  required  for  convergence.  The  stability  of 
two-dimensional  elements  is  also  investigated. 
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, Hie  paper  presents  a formulation  for  the  study  of  damin’’.i;  < ffects  in  J\’namie 

'structural  problems  and  a specific  application.  A finite  element  Uirmul.it  ion  is 
i’rrst  derived  from  the  versatile  unconstrained  variational  approacl;.  Hie  vinr.it  i. 
,'t  a rotating  bean  is  used  here  as  a concrete  examiilc.  '.iscous  damping  ti'rm;  .it 
.he  '^^iipport  can  be  present  due  to  either  local  deflection  or  rotation.  iliese  te-i 
,.;n  cbviwusly  affect  the  frcqjcncies  of  the  rotat.ng  beam.  liu  ■ are  ea.-ily  nu  ■. 
borated  in  the  present  formulation  using  the  concept  ot  ur.  oust  rained  u'-’V'e  Keni. 
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In  November  197o,  several  155mm  Howitzer  M185  split  rings  failed  during 
various  stages  of  manufacture.  A failure  analysis  consisting  of  metallography, 
SI.M,  and  mechanical  testing,  was  undertaken.  This  investigation  concluded  that 
the  heat  treatment  was  responsible  for  embrittling  the  steel,  thereby  causing 
the  failures.  Furthermore,  it  was  shown  that  the  required  hardness  could  not  be 
achieved  without  seriously  compromising  the  toughness  of  this  material. 
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yield  stress  of  the  steel.  Specimens  with  machined  notches  and  with  a fat- 
igue crack  at  the  root  of  the  notch  tested  In  liquid  lead  failed  at  the 
stress  Intensity  values  of  35  KsivTn  and  7 Ksi  An  static  fatigue  and  cyclic 
fatigue  tests  respectively,  whereas  in  Inert  argon  environment  fatigue 
precracked  specimens  failed  In  cyclic  fatigue  at  135  Ksi  An.  The  suscept- 
ibility to  embrittlement  of  steel  specimens  In  liquid  lead  tested  In  cyclic 
fatigue  was  the  same  whether  the  notch  was  as  machined  or  had  a fatigue  pre- 
crack at  the  root  of  the  notch,  I.e.,  embrittlement  was  Independent  of  the 
sharpness  of  the  root  radii,  these  and  other  results  are  discussed  In  terms 
of  the  prevalent  "reduction  In  cohesion"  mechanism  of  liquid  metal  embrittle- 
ment proposed  by  Westwood  and  Kamdar.  The  critical  conditions  and  prerequis- 
ites for  the  occurrence  of  embrittlement  of  gun  steel  In  liquid  lead  are 
also  duscussed. 
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eleiiients  into  triangular  elements  around  the  crack  tip  and  placing  the  two 
rnid-side  r''des  of  each  side  of  the  triangles  at  1/9  and  4/9  of  the  length  of 
the  side  t r om  the  tip.  This  is  analgous  to  placing  the  mid-side  nodes  at 
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quarter  points  in  the  vicinity  of  the  crack  tip  for  the  quadratic,  isopara- 
metric element. 

The  advantdije  of  this  method  are  that  the  displacement  compatibility  is 
satisfied  throughout  the  region  and  that  there  is  no  need  of  special  crack  tip 
elements.  The  stress  intensity  factors  can  be  accurately  obtained  by  using 
general  purpose  programs  having  isoparametric  elements  such  as  NASTRAN.  The 
use  of  12-node  isoparametric  element  program  APES  may  be  simplified  by 
eliminating  the  special  crack  tip  elements. 
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other  four  protons  (those  from  the  four  H atoms)  form  a tetrahedral  arrange, 
ment  around  the  N nucleus.  This  tetrahedral  arrangement  is  then  approximated 
by  a spherical  shell  at  a radius  determined  by  a variational  calculation  for 
the  total  energy  of  the  tetrahedral  ion.  (The  resulting  radius  lies  well 
out  in  the  ion  electron  cloud.)  Since  a Wigner-Seitz  polyhedra  approach  is 
used  no  specific  lattice  structure  is  considered.  We  comnent  on  the  earlier 
calculation  of  Bernal  and  Massey  (BM)  and  the  more  recent  calculation  of 
Stevenson.  Emphasis  is  on  the  BM  metallic  calculation  which  we  have  essen- 
tially repeated. 

The  concept  of  exchange  is  described,  derivation  of  the  Fock  equations 
is  given,  and  the  principal  equation  of  BM  (one  electron  outside  a closed 
shell)  is  tlien  derived  from  tlie  Fock  equations. 

The  BM  equation  is  then  solved  by  computer  for  both  the  no-exciiange  and 
exchange- i ncl uded  cases.  Our  (unsuccessful)  attempts  to  reproduce  the  BM  re- 
sults for  the  no-exchange  case  are  described  briefly.  Our  calculation  for  the 
exchange- i ncl uded  case  is  then  described  in  some  detail.  For  this  case  we 
find  the  internal  energy  at  the  equilibrium  volume  to  be  about  0.5  ev  higher 
than  that  obtained  by  BM  (our  value  is  very  close  to  Stevenson's  -5.36  ev). 
Stevenson's  equilibrium  radius  is  5.35  a.u.,  BM's  is  4.23  a.u.;  we  obtain 
4.9'3  a.u.,  i.e.,  shifted  considerably  toward  Stevenson's  value.  In  spite  of 
these  differences  in  U vs  V between  our  results  and  BM's,  our  Gibbs  energy 
vs  pressure  curve  is  about  like  theirs. 

If  tne  Stevenson  mixture  curve  for  'd  vs  V is  accepted,  the  BM  and  tlie 
present  metallic  calculation  make  a transition  to  "funny  sodium"  unlikely 
(at  least  below  tne  bibar  region).  Acceptance  of  the  Stevenson  metallic  U vs 
V curve  would  make  such  a transition  unlikely  at  any  pressure.  We  consider 
transition  to  t!ie  "funy  sodium"  form  to  be  unlikely;  transition  to  other 
metallic  forms  are  probably  in  the  I’lbar  (and  above)  range. 
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